Introduction {#s0005}
============

Physical inactivity in children and adolescents has a range of negative effects such as increased risk of overweight ([@bib15]), poor mental health ([@bib2], [@bib29], [@bib17]), social problems, thought and attention problems ([@bib17]), loneliness ([@bib20]) and learning problems at school ([@bib9]; [@bib22]). Since physical activity patterns may track from childhood to adulthood ([@bib28]), patterns of physical inactivity during childhood and youth may influence health in adulthood. Insight into physical activity distributions across population groups may therefore contribute to future interventions and policies to minimize physical inactivity among children and young people.

While the current body of evidence includes a large number of studies describing the distribution, determinants and outcomes of various levels of physical activity, we know very little about the relatively small group of individuals who are not physically active at all. Physically inactive adolescents constitute a group at potentially high risk of obesity, diabetes, psychological problems and social marginalization. Investigating the social distribution of physical inactivity and the trends across time is therefore important in order to development and target primary prevention public health strategies.

A range of studies has described secular trends in physical activity among adolescents. Some studies report increasing levels of physical activity ([@bib4], [@bib16], [@bib25]) while other studies report that the secular trends are less systematic ([@bib13]). Other studies have addressed the association between socioeconomic background and physical activity among adolescents, and there is some evidence of a higher level of physical activity with more advantageous socioeconomic background ([@bib5], [@bib11]). Studies have also addressed social inequality in physical inactivity, and these studies suggest that the prevalence of physical inactivity is higher among adolescents with less advantageous socioeconomic background ([@bib12], [@bib26]) although this association is not completely consistent ([@bib27]). This social gradient may change over time, and we have only identified one study that addressed this issue. [@bib14] reported a fairly persistent socioeconomic gradient in physical activity among Scottish schoolchildren from 1990 to 2002. It is likely that trends in social inequality in health are country-specific because such trends are related to macro-level economy. There has been a steep increase in income inequality in Denmark over the past twenty years, and since there is a general correlation between the level of income inequality and health problems among adolescents ([@bib23]), we expect the social inequality in physical inactivity to increase over time.

This study investigated trends in social inequality in physical inactivity in comparable and representative populations of Danish, 11--15-year-old adolescents from 1991 to 2014. The analyses focused on both absolute and relative social inequalities in physical inactivity.

Methods {#s0010}
=======

Design and study population {#s0015}
---------------------------

This study included data from the Danish part of the international collaborative cross-national Health Behaviour in School-aged Children study (HBSC) at seven points in time (1991, 1994, 1998, 2002, 2006, 2010, 2014) ([@bib24]; [@bib7]). The overall aim of the HBSC study is to enhance the understanding of young people's health behaviours in their social settings. The study design is a series of cross-sectional surveys of representative samples of three age groups, 11-, 13-, and 15-year-old schoolchildren. In Denmark, data were collected from a random sample of schools, drawn from a complete list of public and private schools. The analyses included data from seven comparable cross-sectional surveys from to 1991 to 2014. The overall response rate (number of participants in the surveys as percentage of schoolchildren enrolled in the participating classes) was 88.2%, N=31,660. After exclusion of 686 participants with missing information on physical activity the final N was 30,974 ([Table 1](#t0005){ref-type="table"}).Table 1Study population by sex, age group, social class, year and physical inactivity.Table 1Data collection wave1991199419982002200620102014TotalResponse rate90.2%90.9%88.0%89.3%88.8%86.3%85.8%88.2%N186040465205482462694922453431,660N included in this study[a](#tbl1fna){ref-type="table-fn"}183739945165477162104865413230,974Pct. boys50.249.949.648.749.350.148.649.4Pct. girls49.850.150.451.350.750.051.450.6Pct. 11-year-olds31.731.633.936.437.637.230.534.7Pct. 13-year-olds34.734.735.733.735.633.735.534.8Pct. 15-year-olds33.633.730.429.926.929.134.130.5Pct. high social class25.830.325.822.122.332.838.227.8Pct. middle social class47.344.245.948.740.035.937.042.2Pct. low social class18.216.720.918.718.416.214.417.8Pct. unclassifiable8.88.87.510.519.415.110.512.2Pct. physically inactive8.19.410.210.35.17.56.68.0[^1]

Data collection and measurements {#s0020}
--------------------------------

The participants completed the internationally standardised HBSC questionnaire in the classroom. Vigorous physical activity was measured by the item: "OUTSIDE SCHOOL HOURS: How many hours a week do you usually exercise in your free time so much that you get out of breath or sweat?" We dichotomised the responses into "none" vs. "about half an hour"+"about 1 hour"+"about 2 to 3 hours"+"about 4 to 6 hours"+"7 hours or more". [@bib3] and [@bib21] found that this measure has a good reliability and a fair validity in the sense that adolescents who report 0 hours of vigorous physical activity also have low levels of aerobic fitness.

Data on socioeconomic position (SEP) stem from the students' reports of their father's and mother's occupation, coded by the research group into social class I (highest) to V ([@bib6]). The coding scheme is almost identical to the UK Registrar General's classification into five social classes ([@bib19]). The coding instruction was consistent across all seven waves of data collection, but it was necessary to change the coding for some occupations with substantial changes in qualification level during the 23 year observation period. Several studies have demonstrated that schoolchildren from the age of 11 are able to report their parents' occupation with a fair validity although often with a high proportion of unclassifiable or missing data ([@bib10]; [@bib18]; [@bib31]; [@bib30]). We added social class VI to include economically inactive parents who receive unemployment benefits, disability pension or other kinds of transfer income. Finally, the category "unclassifiable" was added to describe parents who are working, but for whom the information provided by the child was too vague for categorizing into social class I to V.

Each participating schoolchild was categorised by the highest ranking parent. We categorised social class into high (social class I-II), middle (social class III-IV), low (social class V-VI), and unclassifiable.

Statistical analyses {#s0025}
--------------------

First, the Cochran-Armitage test for trend ([@bib1]) was used to examine trends in physical inactivity over time. This test is based on the regression coefficient for a weighted linear regression of a binomial proportion of a variable (here: prevalence of physical inactivity) on an explanatory variable (here: year of data collection). Second, two measures of social inequality in physical inactivity was applied: 1) Prevalence difference in physical inactivity between high and low social class as an absolute measure of social inequality; 2) odds ratio (OR) for physical inactivity using high social class as reference as a relative measure of social inequality. We conducted logistic regression analyses with sex, age group and year of data collection as control variables. A multivariate logistic regression analysis (Wald's test) was used to test for interaction between social class and year, corresponding to the hypothesis that the difference in social inequality in physical activity was not constant over years. Sex, age group, social class and year were included as independent variables.

SAS version 9.3 (SAS Institute, North Carolina), procedures FREQ and LOGISTIC, was used for the statistical analyses.

Ethical issues {#s0030}
--------------

There is no formal agency for approval of questionnaire based surveys in Denmark. Therefore, we asked the school board as the parents' representative, the headmaster, and the students' council in each of the participating schools to approve the study. The participants received oral and written information that participation was voluntary and anonymous. The data file does not comprise data about the identity of the individual participants. The study complies with national standards for data protection and is registered at the Danish Data Protection Agency (J. No. 2013-54-0576).

Results {#s0035}
=======

In the entire study population, 8.0% of the schoolchildren were physically inactive ([Table 1](#t0005){ref-type="table"}). The prevalence of physical inactivity varied by year with a peak in 1998 and 2002 but was generally characterized by an overall decreasing tendency (test for trend, p\<0.0001). In the entire study population, the prevalence of physical inactivity was 5.4% in high social class, 7.8% in middle social class, 10.8% in low social class, and 10.9% in the unclassifiable social class, p-value from chi-square test \< 0.0001 (data not shown in table).

[Fig. 1](#f0005){ref-type="fig"} shows the prevalence of physical inactivity by year and social class. In each of the social classes there was a generally decreasing proportion of physically inactive across survey year, all p-values \< 0.01 (Cochran-Armitage test for trend). The prevalence difference between high and low social classes was 7.8% in 1991 and 5.8%, 5.4%, 5.4%, 3.9%, 4.5% and 6.9% in the subsequent data collection waves. These data suggest that the absolute social inequality in physically inactivity remained fairly stable across this 23-year observation period. The prevalence of physical inactivity in the unclassifiable social class was fairly similar to the middle social class in 1991 and 2014 but otherwise fairly similar to the lower social class (data not shown).Fig. 1Percent physically inactive adolescents by year and social class, the Health Behaviour in School-aged Children study (HBSC) 1991--2014.Fig. 1

[Table 2](#t0010){ref-type="table"} shows the relative social inequality in physical inactivity, i.e. the OR (95% CI) for physical inactivity by social class. In the entire study population, the age- and sex-adjusted OR for physical inactivity was 1.48 (1.32--1.65) in the middle social class, 2.18 (1.92--2.47) in the lower social class, and 2.26 (1.97--2.60) in the unclassifiable social class. These estimates did not change much when further adjusted for year of data collection ([Table 2](#t0010){ref-type="table"}, Model 2). The relative social inequality in physical inactivity in each of the data collection fluctuated from one data collection wave to another but remained fairly similar during the entire observation period. There was no evidence of a statistical interaction between social class and year i.e. no statistical significant widening of the difference in social inequality in physical activity over the years (p=0.971).Table 2OR (95% CI) for physical inactivity by family social class for each year of data collection adjusted for sex and age group.Table 2Year of data collectionHigh social classMiddle social classLow social classUnclassifiable1991 (n=1837)11.60 (0.99--2.59)2.76 (1.64--4.65)1.51 (0.73--3.11)1994 (n=3994)11.36 (1.03--1.79)1.98 (1.43--2.72)2.26 (1.55--3.30)1998 (n=5165)11.59 (1.23--2.06)2.04 (1.53--2.73)3.62 (2.58--5.06)2002 (n=4771)11.13 (0.87--1.47)1.80 (1.34--2.40)1.83 (1.30--2.58)2006 (n=6210)11.69 (1.16--2.47)2.60 (1.74--3.88)3.18 (2.15--4.70)2010 (n=4865)11.43 (1.07--1.91)2.08 (1.50--2.89)2.53 (1.83--3.49)2014 (n=4132)11.55 (1.13--2.13)2.82 (1.98--4.01)1.91 (1.24--2.95)          Total (n=30,974)Model 1[a](#tbl2fna){ref-type="table-fn"}11.48 (1.32--1.65)2.18 (1.92--2.47)2.26 (1.97--2.60)Model 2[a](#tbl2fna){ref-type="table-fn"}11.44 (1.29--1.62)2.16 (1.90--2.45)2.48 (2.15--2.85)[^2]

Discussion {#s0040}
==========

Findings {#s0045}
--------

This is one of the first studies to report on secular changes in the social inequality in physical inactivity among adolescents. There was an overall decreasing trend in the percentage of inactive adolescents, including a substantial drop from 2002 to 2006. There was no change in measurements, data collection or sampling procedures in this period, and the coding or ranking of social classes did not change either. Unfortunately, the study does not include sufficient data to explain this sudden drop.

There was a lower prevalence of physical inactivity with higher family social class, and there was a persistent absolute social inequality across the entire observation period from 1991 to 2014 and a persistent relative social inequality as well. The magnitude of the social class-difference in physical inactivity did not change substantially with time.

The findings correspond with other studies of social inequality in physical inactivity ([@bib27]). The findings also correspond with the only other study which investigated changes in social inequality in adolescents' physical activity patterns over time ([@bib14]). Note that the study by [@bib14] addressed social inequalities in physical activity, not physical inactivity. They found persistent socio-demographic inequalities in the weekly time spent on vigorous physical activity from 1990 to 2002. The present study does not provide any explanation for the social inequality in physical inactivity, but the finding of a social gradient corresponds with social gradients in many other health compromising behaviours in adolescence ([@bib8]).

Methodological issues {#s0050}
---------------------

The strength of the study is the comparability of the seven cross-sectional studies, which applied a standard protocol for sampling and measurement and the long observation time. The reference studies on validity of the two main variables, physical inactivity and family social class, suggest that these measurements have acceptable validity. We also believe that the use of social class measured by occupation is a merit of the study, because this variable is a true sociological background variable. Alternatives like wealth and subjective socioeconomic status are less appropriate, because they can be considered as outcome variables of social background rather than true social background indicators. Analyses from the HBSC study often apply the Family Affluence Scale to monitor social inequality in health ([@bib8]). This scale builds on four items about material assets in the family (own bedroom; number of cars, computers and vacations). Because of substantial changes in family affluence over time, this scale may be less comparable over time.

There are limitations as well. First, the measurement of physical inactivity was restricted to lack of vigorous physical activity outside school hours. It may be relevant to also include moderate activity, activity in school time as well as active transport in future studies. The focus on physical inactivity is both a strength and a limitation of the study: a strength because the quantification of inactivity is straightforward because there is no concern about intensity, and in a public health perspective the inactive children and adolescents may constitute a particularly vulnerable high-risk group; a limitation because we cannot generalize the findings of this study to social inequality in physical activity. Second, there may be problems in the comparability of social classes over time. The social class distribution in the population changes over time, mostly because the traditional working classes shrink and the upper middle classes increase in size. These changes in the occupational social structure may compromise the validity of the comparison of high and low social classes over time. The 12.6% of the study population with unclassifiable social class is a limitation as well, and there could be many explanations for the missing information (children/adolescents do not know, are unable to remember or explain, or embarrassed). Still, this group has so many similarities with the low social class that it may not influence the general findings of the study. Third, there may be limitations to the generalizability of the findings since the study was conducted in one country only during a period of steep increase in the general income inequality.

Implications {#s0055}
------------

The fact that 8% of adolescents are completely physically inactive calls for new efforts to stimulate physical activity and avoid inactivity. A recent school reform in Denmark which requires one hour of physical activity within school hours every day may have helped and we await further evaluation of this reform. Otherwise, there is a need for interventions to stimulate physical activity, both universal interventions to stimulate physical activity in the entire adolescent population and maybe also interventions targeting lover social classes. From a research point of view there is a need for more studies on the determinants of physical inactivity, and whether these determinants are differentially distributed in different social classes.
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[^1]: Non-respondents of the physical activity question excluded.

[^2]: Model 1 adjusted for sex and age group, model 2 further adjusted for year of data collection.
